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Molecular Level Understanding of
Materials Flammability
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Principles of Classical Molecular Dynamics
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MD Model of Thermal Degradation in
Polymers

The feature that distinguishes MD REACT from other MD

codes 1s that it allows for the formation of new bonds from free
radical fragments that are generated when bonds 1n the polymer
break and, thereby, accounts for the chemical reactions that play
a major role 1n the thermal degradation process.

This i1s achieved using the IPC protocol to send bonding
information back and forth between MD REACT and Discover.
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Reactive Force Field
=D[1-exp(-a(r -r,))]"-D
= S(ij)S(K) ko (0 - 9. )

e = S(I))S(K)S(kl)ky[1+cos(ng - ¢,)]

Voo = ()2 20+ 2
I I I




Reactive Force Field

(

_Vb(ij)
D(ij)
The atoms participating in covalent bonds

become radicals when the corresponding bond
orders become less than a pre-determined value.

The program sorts through all possible bonds
between these free radicals and retains those
corresponding to the lowest energy subject to the
constraints imposed by atomic valence rules. ;=
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Available Reaction Channels
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Interface to Discover 95

Polymerizer

Electronic Molecular
Structure Mechanics
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Thermal Degradation of PP

=

N

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce



Thermal Degradation of PP
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Figure 1. Major Reaction Channels in the Thermal Degradation of
Polypropylene.
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Kinetic Model
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Simple Kinetic Model of Thermal
Dearadation Random Scission

e Molecular dynamics data
Regression Line
slope =-38871 K
intercept = 7.308
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Simple Kinetic Model of Thermal
Degradation Propagation
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Simple Kinetic Model of Thermal
Degradation Propagation

e Molecular dynamics data

Regression Line
slope =-9263 K
intercept = 1.720
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Simple Kinetic Model of Thermal
Degradation Termination

e Molecular dynamics data
Regression Line
slope = -19563 K
intercept = 8.053
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Simple Kinetic Model of Thermal
Degradation

Rate of Mass-loss from Degrading Polypropylene

L dm®) _ g 5407 exp(- 27528

m(t) dt RT

Experimental Values:

E,=220kJ/mol A=19x10"?s"!
Bockhorn ez. al., Journ Anal. and Appl. Pyrolysis 46, 1998, 1
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New Features of MD REACT

A new mechanism that allows simultaneous rupture and
formation of bonds was introduced.

Every type of chemical reaction that involves rupture and/or
formation of o and/or 7 bonds (with the exception of conjugated
and aromatic systems) was included.

All the chemical transformations are treated in the unified
fashion based on the competition between energies of
interatomic interactions. This approach results in more realistic
model of reactions involving 7 bonds and eliminates the
necessity of usage of special “effective” potentials for /- scission
reactions.

The CVFF forcefield 1s updated to accommodate decomposition
of oxygen-containing polymers (in particular, PMMA). The new
bond dissociation energies are obtained from CBS- QB3
calculations performed on model molecules. o
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New Algorithm of MD_ REACT

The following cycle is performed at every time step:

For every covalent interaction with BO < Dissociation Criterion

angles torsions
n

Vcorrecl‘ed - Vbond + BOX|: Z Vangle —|— Z VtOl"SiO
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Potential Energy and
Gradient Calculation
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New Algorithm of MD_ REACT

The following cycle is performed at every time step:

DISCOVER Integrator
of Equatons of Motion
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Bond-dissociation
Module
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MD Simulations
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Thermal Degradation of PMMA
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Thermal Degradation of PMMA
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BE's in MA and MMA
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Conclusions

« The differences in the thermal degradation
chemistries of PMMA and PMA appear to be due to
higher 1nitiation temperatures required for PMA.

Molecular modeling can be useful tool for the
investigation of thermal degradation and materials
flammability and the development of new and more
fire resistant materials. This role will continue to
expand as advances in computer technology make it
possible to extend the range of applicability of
molecular modeling to more complex systems.
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